Introduction {#S0001}
============

Up to 90% of children with daytime urinary incontinence (DUI) achieve daytime continence through standard urotherapy and anticholinergics.[@CIT0001] Nevertheless, the treatment for some children is complex. According to the International Children's Continence Society (ICCS), refractory children after standard treatment for DUI require invasive examinations for anatomical genitourinary tract anomalies.[@CIT0002] Voiding cystourethrography (VCUG) is useful for children with refractory DUI and can reveal bladder deformities, such as diverticula, vesicoureteral reflux, dilated posterior urethra, or posterior urethral valves (PUV).[@CIT0002] Most typical abnormal finding in boys with DUI by VCUG is mild urethral obstruction by PUV. Transurethral incision (TUI) is usually indicated for boys with PUV. Several studies reported that TUI could improve clinical urinary symptoms in boys with PUV with delayed presentation.[@CIT0003]--[@CIT0005] However, the clinical significance for delayed presentation of PUV with refractory lower urinary tract symptoms, such as DUI or nocturnal enuresis (NE), remains unknown. Therefore, we evaluated the clinical efficacy of TUI for boys with refractory DUI.

Patients and Methods {#S0002}
====================

Patients and Data Collection {#S0002-S2001}
----------------------------

This study was approved by the Medical Ethics Committee of Nara Medical University (NMU-2042) and complied with the 1964 Declaration of Helsinki and its later amendments or with comparable ethical standards. Informed consent was obtained from all patients and all parents.

Between 2006 and 2013, a total of 73 boys with DUI were enrolled in the study. VCUG and urodynamic studies were performed in 35 boys who had refractory symptoms after conservative treatment, including urotherapy and anticholinergic drugs, such as oxybutynin, propiverine and solifenacin, for at least 1 year. Among the 35 boys, 20 who had suspected urethral obstructions in the posterior urethra by VCUG were enrolled ([Figures 1](#F0001){ref-type="fig"} and [2](#F0002){ref-type="fig"}). Two urologists (YM and KA) assessed all the VCUG. Of these 20 boys, 18 (90%) had NE. All patients were recommended for PUV diagnosis confirmation by urethrocystoscopy and for TUI when needed. Of the 20 boys, 12 (TUI+ group) underwent urethrocystoscopy and TUI under general anesthesia. Eight boys (TUI- group) decided to continue oral drug administration without undergoing urethrocystoscopy. An 8.5-Fr endoscope (Richard Wolf GmbH, Knittlingen, Germany) was carefully used to observe PUV, even with minor urethral lesions. After filling the bladder with saline, the suprapubic area was compressed and impressed to completely dilate the posterior urethra. TUI was performed under the same anesthesia using a sickle-type cold knife. A sufficient incision was made in the membranous lesion, extending down from the anterior urethral wall at 12 o'clock. Additional incisions were made in the valve structure at 5 or 7 o'clock, where needed. The primary endpoint was the cure rate for DUI or NE in the TUI+ and TUI- groups. The outcome was defined as a complete cure or when DUI or NE had disappeared completely. Response rates at 6 months after TUI were evaluated. The response was defined according to the ICCS standardization guidelines as follows: complete, partial, and no response as a 100%, 50--99%, and 0--49% decrease in the number of instances of DUI or wet nights, respectively.Figure 1A total of 73 boys with DUI were diagnosed and VCUG and urodynamic studies were performed in 35 boys who were refractory to conservative treatment. Among the 35 boys, 20 had suspected urethral obstruction in the posterior urethra by VCUG. Of the 20 boys, 12 (TUI+ group) underwent urethrocystoscopy and TUI under general anesthesia and 8 (TUI- group) continued receiving oral drugs without urethrocystoscopy.**Abbreviations:** DUI, daytime urinary incontinence; PUV, posterior urethral valves; TUI, transurethral incision; VCUG, Voiding cystourethrography.Figure 2Radiological appearance of posterior urethral valve on voiding cystourethrography.

All children were evaluated using the mean age, a dysfunctional voiding symptom score (DVSS), the presence of constipation, maximum urinary flow rate (Qmax), average urinary flow rate, the measurement of residual urine, detrusor pressure at Qmax, bladder compliance, a dyssynergic pattern in urodynamic study,[@CIT0007] flexion rate, and follow-up period. The minimum urethral angle and flexion rate were defined as the angle formed by VCUG during urination.[@CIT0006] The maximum voided volume (MVV) was recorded in a bladder diary, and the expected bladder capacity (EBC) was calculated using the following formula: \[30 + (age in years × 30)\] (mL). The boys in the TUI+ group were evaluated at 3--6 months later after TUI by VCUG, bladder diary, and uroflowmetry parameters.

Statistical Analysis {#S0002-S2002}
--------------------

Clinical characteristics were compared using the Mann--Whitney *U*-test, chi-squared test, and analysis of variance. The cutoff date of the last follow-up was December 31, 2017. The percentages of boys becoming dry over time or having dry nights were examined using the Kaplan--Meier method. GraphPad Prism software (version 7.03, GraphPad Software; San Diego, CA) was used for statistical analyses and data plotting. P-values \<0.05 were defined as statistically significant.

Results {#S0003}
=======

The clinical characteristics of the patients are shown in [Table 1](#T0001){ref-type="table"}. The mean ages in the TUI- and TUI+ groups were 7.0 (range: 5--12) and 6.4 (range: 5--10) years, respectively. There were no significant differences in the baseline urinary frequency, average voiding volume, MVV, MVV/EBC, constipation, Qmax, average urinary flow rate, void residual volume, detrusor pressure at Qmax, minimum urethral angle, or flexion rate between the TUI- and TUI+ groups. Eleven (92%) and four (33%) patients had COPUM and Cobb's collar type obstruction, respectively.[@CIT0015],[@CIT0016] Three boys (25%) had both COPUM and Cobb's collar types. Four and eight boys in the TUI+ group had a synergic and a dyssynergic pattern, respectively. In the TUI+ group, abnormal findings of urethral obstruction in the posterior urethra before TUI improved according to VCUG at 3--6 months after TUI. There were no significant differences in the urinary frequency, average voiding volume, MVV, MVV/EBC, Qmax, average urinary flow rate, and void residual volume between before and after TUI ([Table 2](#T0002){ref-type="table"}). In the TUI+ group, three boys showed complete or partial response at 6 months after TUI, but nine boys showed non-response for DUI. No boy showed complete or partial response for NE at 6 months after TUI. All the boys in the TUI+ group continued urotherapy and anticholinergic drug administration, and the drugs were gradually reduced when DUI completely decreased. Most boys needed continued oral medication after TUI. Imipramine was added to urotherapy and anticholinergic drug administration for some boys in the TUI- and TUI+ groups. All boys in the TUI- group had cured DUI or NE (median, 27 and 36 months, respectively; [Figure 3A](#F0003){ref-type="fig"} and B). Ten (83%) and nine boys (75%) in the TUI+ group were cured of DUI and NE in the follow-up period, respectively (median, 52 and 56 months, respectively; [Figure 3A](#F0003){ref-type="fig"} and B). There were no obvious adverse events, such as bleeding or urethral stenosis, due to TUI in the follow-up period.Table 1Patients' CharacteristicsAll (N=20)TUI- (N=8)TUI+ (N=12)P valueAge, year (Range)6.7 (5--12)7 (5--12)6.4 (5--10)0.61DVSS (Range)9 (4--17)7 (4--11)10 (5--17)0.24Frequency (Range)10 (6--16)9 (6--13)10 (7--16)0.58AVV, mL (Range)74 (40--110)74 (50--100)75 (40--110)0.91MVV, mL (Range)137 (60--250)128 (70--180)144 (80--250)0.85MVV/EBC, % (Range)59 (33--119)50 (33--89)60 (33--119)0.44Constipation, n (%)4 (20)2 (25)2 (17)0.64Qmax, mL/s (Range)18.9 (6.2--44.8)22.3 (6.2--44.2)17.3 (6.3--44.8)0.73Average flow rate, mL/s (Range)7.8 (3.2--11.2)8.2 (4.8--10.2)7.6 (3.2--11.2)0.69PVR, mL (Range)7.9 (0--11.5)10.9 (0--40)6.4 (0--31)0.62Enuresis, n (%)18 (90)7 (88)11 (92)0.76Pdet at Qmax, cmH~2~O (Range)130 (100--177)132 (102--177)120 (100--144)0.49Compliance, mL/cmH~2~O (Range)12.9 (0.7--20)14.2 (8.6--20)12.4 (0.7--30)0.50Dyssynergic pattern, n (%)13 (65)5 (63)8 (67)0.61Minimum urethral angle, °(Range)107.4 (84--136)106.1 (95--120)108.2 (84--136)0.93Flexion rate, % (Range)9.3 (1.6--27.4)8.1 (1.6--20.9)9.9 (2.0--27.4)0.56Follow-up, months (Range)51 (18--112)38.5 (18--65)59 (29--112)0.059[^1] Table 2Change of Bladder Diary and Uroflowmetry Parameters Before and After TUIBefore TUIAfter TUIP valueFrequency (Range)10 (7--16)10 (8--12)0.91AVV, mL (Range)75 (40--110)91 (50--123)0.86MVV, mL (Range)144 (80--250)146 (90--300)0.97MVV/EBC, % (Range)60 (33--119)66 (30--167)0.88Qmax, mL/s (Range)17.3 (6.3--44.8)18.4 (13.4--30.8)0.49Average flow rate, mL/s (Range)7.6 (3.2--11.2)7.9 (4.6--11.3)0.88PVR, mL (Range)6.4 (0--31)1.3 (0--3.8)0.36[^2] Figure 3Kaplan--Meier curves of cure rate after initial treatment. (**A**) Overall, all and 10 (83%) boys in the TUI- and the TUI+ group achieved daytime continence at a median of 27 and 52 months after initial treatment, respectively. (**B**) Overall, all and nine boys in the TUI- and the TUI+ group achieved dry nights at a median of 36 and 52 months after initial treatment, respectively.**Abbreviation:** TUI, transurethral incision.

Discussion {#S0004}
==========

Previous studies suggested that boys treated for PUV had improved urinary symptoms of DUI and NE.[@CIT0003]--[@CIT0011] However, in the present study, only two boys (17%) achieved daytime continence at 6 months after TUI and no boy was cured of NE at 6 months after TUI. Nakamura divided boys with PUV into two groups before TUI: those with a synergic pattern on urodynamics with a quiet electromyogram during filling and those with a dyssynergic pattern with increased electromyogram activity as the bladder filled.[@CIT0007] DUI improved in seven of the eight boys with synergic patterns, but no boy with a dyssynergic pattern had improvement.[@CIT0007] In the present study, four (33%) and eight (67%) boys in the TUI+ group had a synergic and a dyssynergic pattern, respectively. AVV, MVV, Qmax, and PVR did not change before and after TUI, but frequency decreased from 11 to five in the boys with synergic patterns. After 6 months of treatment, TUI was effective for only three boys with a synergic pattern and was not effective for eight boys with a dyssynergic pattern. The efficacy of TUI was not sufficient 6 months later, because most boys had a dyssynergic pattern on urodynamics. These findings suggested that surgical indications for boys with a dyssynergic pattern should be limited.

Furthermore, the Kaplan--Meier analysis demonstrated that the follow-up period until daytime continence and dry nights was longer in the TUI+ than in the TUI- group. TUI did not worsen the urinary symptoms. Although there were no significant differences in baseline parameters between the groups ([Table 1](#T0001){ref-type="table"}), there may be many intractable cases in the TUI+ group in the first place. Furthermore, the treatment effect of TUI may have been poor due to a high proportion of boys with a dyssynergic pattern. TUI may not have been effective for the boys in the present study, as they were not severe cases of PUV with decreased renal function, vesicoureteral reflux, or urinary tract infection. In general, boys with PUV achieve daytime and nighttime urinary continence significantly later than healthy controls.[@CIT0012] It is difficult to expect an immediate effect of TUI for boys with refractory DUI. We concluded that the effects of TUI for boys with refractory DUI due to PUV may sometimes be limited and care should be taken in deciding treatment.

This study had some limitations. First, our sample size was small. Therefore, more cases need to be enrolled for a more accurate evaluation of the TUI usefulness, and the surgical indication for boys with refractory DUI should be made clearer. Second, although there were no differences in the background factor groups, given the study retrospective design, the inclusion of TUI was dependent on the consent of the individual or family member, which could have introduced bias. If TUI had been performed on the TUI- group, its therapeutic effect would have remained unknown. Therefore, a prospective study is required for refractory patients with DUI. Third, the PUV diagnosis was subjectively assessed by two investigators. There is no reference standard based on the VCUG and endoscopy findings.[@CIT0013],[@CIT0014] Finally, postoperative VCUG alone was performed to confirm improvement in terms of obstruction. Only uroflowmetry was performed, but an urodynamic study was not performed after TUI. Therefore, it remains unclear whether there is still functional urethral obstruction by TUI.

Conclusion {#S0005}
==========

This is the first report regarding the long-term outcomes of TUI for boys with refractory DUI. The efficacy of TUI in boys with refractory daytime incontinence might be very limited. It will be difficult to aggressively recommend TUI unless more positive data are published in the future. At least, surgical indications should be determined with sufficient explanation regarding the efficacy of TUI and patient consent before surgery.
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[^1]: **Abbreviations:** AVV, average voiding volume; DVSS, dysfunctional voiding scoring system; EBC, expected bladder capacity; MVV, maximum voided volume; Pdet at Qmax, detrusor pressure at the maximum flow rate; PVR, void residual volume; Qmax, maximum urinary flow rate.

[^2]: **Abbreviations:** AVV, average voiding volume; EBC, expected bladder capacity; MVV, maximum voided volume; PVR, void residual volume; Qmax, maximum urinary flow rate.
